Fuel savings are a significant aspect for evaluating the current and future technologies of civil aviation. Continuous-Descent Approach (CDA), as a representative of new concepts, requires a method for evaluating its fuel benefits. However, because of unavailability of the practical operational data, it is difficult to validate whether the previous fuel consumption mechanisms are suitable. This paper presents a unique method for quantifying potential fuel benefits. This permits an easy evaluation for the new procedures without modelling before implementing field tests. The proposed method is detailed in this paper. It derives from the inherent mechanical characteristic of aircraft engine, and utilizes historical flight data, rather than modelling, to predict fuel flow rates by matching flight conditions from Quick Access Recorder (QAR) data. The result has been shown to predict fuel consumption for conventional descent with the deviation of ±0.73%. To validate such method, a case study for our designed CDA procedure is presented. Fuel consumptions in baseline scenarios are estimated to analyse the variable impacts on fuel consumption. The estimated fuel benefits are consistent with the results in the previous field tests. This analysis helps support Air Traffic Management decisions on eventual field test by reducing the validation time and cost.
INTRODUCTION
Today, the aviation industry releases 2% of the global CO 2 emissions, and this is expected to increase with the continuous and steady growth of traffic flow. In the long term, the goal is to reduce its net carbon footprint by 50% compared to 2005 [1] . Technological improvements leading to reduced emissions will continue in the future as well as the optimal use of airspace availability. Given such consideration as one of the significant targets, the USA and Europe propose some strategic plans, known as Next Generation (NextGen) [2, 3] , Single European Sky ATM Research (SESAR), respectively [4] , and put highlights on new concepts and procedures to provide great environmental benefits [5] [6] [7] .
One way of minimizing fuel consumption is via environment-friendly procedures such as Continuous-Descent Approach (CDA) [8] [9] [10] . It is essential to consider the impacts on the environment. Flight test is no doubt a straightforward and precise way to evaluate its fuel savings. However, it is hard to implement field tests due to its risk, the limitation of technical restriction and high cost. For instant, CDAs are usually implemented in low traffic density [11] . Here come a kind of simulation-based methods which can provide suggestions for the field test. A widely-known BADA (Base of Aircraft Database) fuel-flow model [12] , which was developed by EUROCONTROL, has been dominantly used in several studies [13] [14] [15] . The BADA fuel consumption model has been shown to work well in cruise, within 5% of estimation error. However, at terminal altitude (below 11,000 feet MSL), the model is underestimated by 15-25% when compared to the manufacturer's data [16] . Also, it is unknown whether the existing fuel consumption mechanism is appropriate for new procedures, or research should be done in depth in studying their usability. (i.e. a near-idle thrust is used as its engine setting of CDA, and also does so for the range of reference data conditions, which are different from the conventional way, and yielding difficulty on parameters identification). Since BADA is a database derived from reference sources instead of field tests, errors are inevitable when estimating fuel consumption. Certainly, if abundant data could be acquired, the coefficients identification of BADA fuel burn model would be achieved using modelling techniques. Nevertheless, before the field test, actual operational data are not available, and the quality of the identified aircraft models depends directly on the quality of the reference data. In this case, if we simply use the model structures and coefficients provided by BADA Operations Performance File (OPF), or of four flights, to explain how to utilize QAR data to establish flight conditions and further estimate the fuel benefits.
Methodology principle
Aircraft engine is a mechanical device, and thus it has an inherent mechanical feature that equal quantity of fuel is consumed with identical flight states and environment during the same period. In other words, fuel burn rates are highly repeatable under the similar conditions. Here, similar conditions means meteorology, aircraft performance, and flight states vary within small ranges, which do not have great influence on fuel flow rate. The fuel flow rates corresponding to some flight states are kept constant with the same factors influencing fuel consumption. This characteristic inspires us to utilize abundant flight data, and further to propose this estimation method.
The QAR data are quite extensive in the breadth of variables contained, including hundreds of parameters. The fuel consumption characteristic varies with different phases of flight, such as climb, cruise and descent. This research focuses on the CDA procedure. Therefore, of interest to this study in particular are the following variables: airspeed, pressure altitude, gross weight, flight-path angle, longitudinal acceleration, vertical speed, wind speed along the track and total temperature.
In terms of the selected variables, the validation for this principle can be achieved as follows: the QAR data of two flights from one aircraft are extracted randomly from the database, and the data for the same condition are queried, which is shown in There are 49 and 35 pieces of records queried from two flights, respectively, and the corresponding fuel flow rates are derived. Further, the average of fuel burn rates is calculated with the consequence of 2,710.5 lb/h for one flight, and 2,742.2 lb/h for the other, and only with 1.1% difference between two flights, from which the principle has been proven. supposing a hypothesis that traditional data can be used to identify model coefficients, it will inevitably reduce the fidelity of the model and introduce significant error in the BADA model. It is worth noticing that precision of the performance (trajectory) data is critical to achieve good optimisation of drag, thrust and fuel flow coefficients. Also, the combined impacts on fuel consumption lead to its coupling nature for these parameters, and strong non-linearity makes it more difficult in modelling fuel consumption, and then the modelling work for fuel consumption can hardly be realized.
Aircraft is a reliable mechanical system with high repeatable inherent attribute under the same conditions, and flight data recorded by Flight Data Recorder (FDR) or Quick Access Recorder (QAR), are derived from actual operations and thoroughly reflect the real states of the aircraft. Enlightened from the above facts, a simulation-based approach called sub-match method is proposed in this research by utilizing historical QAR data directly and primitively, to estimate fuel consumption for the CDA. Without data supporting CDA, this paper emphasises studying an approach to simplify the modelling process, more than modelling, and further improving its usability and estimation accuracy. Besides, avoiding high-dimensional modelling, various influence factors on fuel consumption can be taken into consideration easily. This was accomplished by combining those variables to establish flight conditions, and then its corresponding fuel burn rates can be queried from QAR data records. For demonstrating how to use such method to estimate fuel consumption, a case study of Area Navigation-Continuous Descent Approach (RNAV-CDA) procedure of runway 17L at Pudong Airport has been analysed. Extracting the key parameters from profiles, quantities of fuel savings under several approach scenarios are calculated using the proposed method. Three main questions are investigated: first, how to determine which variables are essential for fuel consumption; second, how to utilize QAR data to match flight conditions; and third, how to ensure the accuracy and reasonability of estimation for the fuel burn. This paper is organized as follows. Section 2 describes the methodology of sub-match method based on QAR data. Section 3 presents the way of fuel consumption analysis for the design of the CDA procedure. Section 4 provides the simulation results and the analysis. Finally, conclusions and future work are described in Section 5.
PROPOSED SUB-MATCH FUEL CONSUMPTION METHOD
In this Section, the principle of this method base is introduced. Then, the sub-match fuel consumption method is described by virtue of conducting simulation
Step 4: Several flights are selected randomly for validation. Every record of its QAR data is queried from sub-conditions, and the query is finished when all the variables of every record have been matched up.
Step 5: Calculate the matching percentage and accuracy under this step size; if not acceptable, jump back to Step 2. The matching percentage (MP) means the percentage of validation data matched up with some record in the dataset, and tiny minority of validation data which cannot be matched up with any record are replaced by the average value of the adjacent ones.
In particular, two points have to be emphasized and explained on how to establish the dataset in Step 1 and how to determine the step size of variables in Steps 2 and 5.
1) Establishment of dataset
Sufficient data in a dataset indicate that as long as the matching percentage and estimation accuracy could be satisfied, it does not matter how huge the amount of data is. Moreover, for a certain period mentioned in Step 1, it refers to the performance of aircraft that can be treated as identical, without overhaul or engine replacement. Also, the meteorological condition remains unchanged. Further, in order to trace the performance degradation and meteorological change, the dataset is constantly being updated in a time window. Obviously, the dataset will be larger along with the longer period covered by the dataset.
2) Determination of the step size In general, the step sizes of variables are determined iteratively until reaching the accuracy acceptability. As an initial attempt, the step sizes are acquired from the specialist experience of airline companies. The variables, such as longitude and airspeed, which have bigger influence on the fuel consumption, should be partitioned with subtle step size, and vice versa. For instance, in aircraft performance database, the interval of deviation from International Standard Atmosphere (ISA) is 5°C. Hence, the step size is chosen as 5°C initially.
Based on that, further validation and modification will be processed. Take vertical speed for instance, 500 ft/min difference of FPA will lead to 8.55% of standard deviation of the fuel flow rate, while 10.89% of which will be generated by 600 ft/min difference of vertical speed. The standard deviation (STD) indicates the degree of fluctuation of data. For the predefined STD within 10%, and hence, 500 ft/min is chosen roughly as the step size of vertical speed. This method can only provide rough ranges primitively.
Further, in order to confirm a group of appropriate step sizes with acceptable accuracy ultimately, by evaluating the estimation error, an experiment with test samples of 32 flights is conducted. The 95%
Method details
Based on such fundamental principle, Figure 1 illustrates the steps of fuel consumption estimation, and detailed explanations are stated as follows.
Step 1: Dataset is established by collecting historical QAR data during a certain period.
Step 2: The ranges of selected variables are segmented by their step sizes. The step sizes are required to confirm the estimation accuracy; too large ones will result in inaccuracy in the average of the fuel flow rate, while too small ones will generate too many sub-conditions, leading to lower matching percentage and querying speed. Thus, a trade-off must be made between them.
Step 3: Composing the segments of those variables with each other, several sub-conditions are derived, all of which cover the entire descent conditions in dataset. For instant, one of the sub-conditions is listed in Table 1 , and several records within the ranges of such sub-condition are queried. And then each fuel burn rate value for one sub-condition is replaced by the average value of the queried fuel records of its sub-condition. 
Figure 1 -Illustration of sub-match method
In brief, determining the dataset and step size is a mutually iterative process, until reaching the predefined accuracy as well as the matching percentage, which indicates that a subtler step size requires a larger dataset. For this research, Boeing 737-800 QAR data of 300 flights have been integrated. According to the predefined requirement of estimation accuracy, it is found that at a 5% significance level, ultimately, the step sizes in the last row of Table 2 are chosen, giving the accuracy within 3% and the lowest NRMSE.
Then, according to the method principle mentioned previously: the fuel flow rates corresponding to some flight states are kept constant with the same factors influencing fuel consumption. The fuel flow rate can be obtained by querying and matching each sub-condition from the sub-match method. The results of the four flights from the test samples are presented in Table 3 . The fuel flow rates are plotted in Figure 2 . 
CASE STUDY: RNAV-CDA PROCEDURE OF RUNWAY 17L AT PUDONG AIRPORT
Continuous-Descent Approach (CDA) is a pre-defined approaching procedure, in which the aircraft maintains near idle-thrust and continuous descent after Top of Descent (TOD), without any level-flight. Figure 3 shows the difference between the profile of conventional step-down approach and CDA. This section is dedicated to the estimation and analysis of potential fuel savings for our designed CDA procedure on the background of 17L Runway at Pudong Airport, using the sub-match method described in Section 2.
confidence interval for the predicted fuel flow rate per flight at a sampling instant is given by the inter-percentile range between the 2.5 th and the 97.5 th percentiles of the fuel flow rate samples. The metrics used to evaluate the models are as follows:
where, n is the number of the observation data in the test set, ff i is the measured value of fuel flow rate, ffi Y is the estimated value. Normalized Root Mean Squared Error (NRMSE): It indicates L 2 -norm accuracy of the mean prediction.
Here, std ffi _ i Y is the standard deviation of the vector of the mean predicted fuel flow rates. The results having low MAPE, low NRMSPE and fewest sub-conditions are preferred. Specifically, five different groups of step sizes and their corresponding metrics results are shown in Table 2 , to explain how to identify step sizes of the first three variables. The sequence of variables in Table 2 is airspeed, pressure altitude, longitude, gross weight, vertical speed, flight path angle, wind speed and total temperature, respectively. Indeed, the results listed in Table 2 are merely parts of dozens of tests, which have been done to identify the appropriate one. Take altitude for example, for the regulation of flight level interval 1,000 ft, so that the initial step size of pressure altitude chosen is 1,000 ft; too many sub-conditions will be generated. When the size is enlarged to 2,000 ft, the result can be seen from Table 2 , yet the accuracy is increased by 0.87%, along with statistically significant (at a 5% significance level) improvement. Besides, the number of sub-conditions is largely reduced. Calculating the speed of this point: The weight of IF point is assumed to be 143,000 lb, and the speed is 180 kt. By referring to the configuration and limited speed of B737-800 operation manual, it is noted that, when descending at this point with idle thrust, the speed should be at form "5", that is (VREF40+30) kt. c) N31°24'55''/E121°41'35'': From this point to the point of cutting in glide path, the segment is the phase of gliding in speeding down. The speed at this point is VREF40+50 (200 kt), at form "1". According to the descent performance of B737-800, it is concluded that the starting altitude should be 4,593 ft, which is the tangent of the tuning segment. d) N31°24'38''/E121°33'45'': From this point to the point of cutting in glide path, the segment starts gliding in constant speed. The speed of this point is equal to the speed of tangent of the tuning segment, which is VREF40+50 (200 kt). According to the descent performance of B737-800, the start altitude is concluded as 5,577 ft, which is a crossing over point for the starting point of four sides. e) PK: From this point to the altitude of 5,577 ft, the segment starts gliding with speeding down. By referring to the related manual, the speed of such
Procedure development
The design of CDA procedure is based on the current implementation of RNAV procedure at Pudong Airport. By analysing the optimized CDA procedure designed by National Aerospace Laboratory of Netherlands (NLR) and Boeing Company, the optimal profile is plotted in Figure 4 . Details of key points are described in Table 4 . 
Description of CDA profiles
According to the facts discussed previously, several concerns with the fuel burn for Boeing 737-800 are specified by the following segments: a) Landing point: According to the landing weight, flap position and runway information, the landing speed on 17L runway is VREF40, and the 12 ft is the altitude of the airport. * GDN-speed: green dot speed, which is greater or equal to 1.25Vs (stall speed) ** HGDN is decided by two factors: GD-speed and FPA, and FPA depends on aircraft type and gross weight *** HMIN is the minimum altitude keeping stable at 1,000ft AGL for the given weight **** SN-speed is S speed, which is the speed at configuration of F1 for airbus ***** Vapp is the final approach speed and different gross weights on fuel consumption are studied. The purpose is to examine whether CDA are capable of fuel savings under various conditions.
Technical scheme
Following the above guideline, the technical scheme for analysing fuel consumption of RNAV-CDA procedure is illustrated in Figure 6 . The details are described as follows: a) Establishment of the approach environment: Several variables related to flight environment are recorded in QAR of sample flights, which can be used to establish the identical environment. In addition, the CDA procedure adopts the way of RNAV-CDA, and for conventional approach, actually, the mode of RNAV is used in instrument approach, which is VOR/DME approach procedure, and runway 17L at Shanghai Pudong airport already has such a procedure. b) Parameters of approach key point related to fuel consumption: The consumed fuel is driven by aircraft performance, flight states and environment. For identical performance, the given environment and gross weight, other key factors such as flight altitude, speed and attitude, are extracted from the key point of trajectory profiles, which play the most significant roles in the determination of fuel consumption. c) Fuel consumption estimation method: With the selected variables and environment, sub-match fuel consumption method as described earlier is employed. How to match the given conditions could be a critical step for this method. d) Comparison and analysis of the fuel consumption estimation: According to the quantities of fuel consumption calculated by sub-match method for two approach ways, the fuel savings capability for the CDA is explored.
point is VREF40+70, which is 220 kt, and the altitude is fixed at 8,202 ft. Analysing from the previous descriptions, the vertical trajectory and speed profiles can be drawn as in 
ESTIMATION OF FUEL CONSUMPTION FOR CDA PROCEDURE
This Section is dedicated to the estimation of fuel savings resulting from CDA. Potential benefits of CDAs for twelve flights will be evaluated using sub-match method based on QAR data. Our scheme as described in Section 3 is further implemented by a detailed simulation for the case study for the CDA procedures. The conventional step-down trajectories recorded in QAR data serve as baselines for the comparison. In particular, five representative ones in this Section are analysed in depth. Additionally, the impacts of wind 
3) Impact of gross weight
The conditions of flights A and B are similar except for gross weight, which can be seen from Table 5 ; that flight A has a bigger gross weight. Such two scenarios will be taken to investigate whether the heavy aircraft will benefit from more fuel savings due to CDA.
Extraction of the key points parameters
On the premise of identical simulation environment, the main parameters of the key points are pressure altitude and airspeed. In Section 3, the designed RNAV-CDA procedure clarified the values of these parameters from 8,202 ft (PK point in Figure 6 ) to the landing point. Additionally, the altitude above the sea level should be calculated into pressure altitude. The vertical speed and longitudinal acceleration can be inferred from vertical and speed profile, respectively.
The initial approach times have to be confirmed as well. In practice, as described in the definition of CDA, however, the additional segment starting from cruise to PK, should be taken into consideration, which is clearly different from the conventional approach (shown in Figure 1 ). Therefore, unification is necessary for the comparisons. In this research, for their common initial time, the point is selected which begins to descent from cruise and can be confirmed from QAR data. Hence, the additional segment (from initial point of CDA to the point of conventional approach) will be added when calculating fuel consumption for the conventional approach. The parameters of the key points for fuel burn estimation of runway 17L at Pudong Airport is illustrated in Figure 7 .
Data preparation
Except for the dataset issues mentioned in Section 3, two highlights are emphasised as follows: -For this research, QAR data of one identical B737-800 from actual flights, covering the whole year during descent phase are collected as dataset. -Twelve flights are used for validation samples, which are in the same period with the dataset, to guarantee that the aircraft performance is almost unchanged and cover the meteorology of validation flights.
Establishment of experimental scenarios
In order to analyse various environments for a whole year, twelve flights in each month are prepared for calculating the potential fuel savings of CDAs. In particular, five representative flights are selected to illustrate the details, which are marked by A to E, respectively, for reasons of convenience.
Approach conditions are established by their meteorological and flight states data, which are listed in Table 6 . Wind speed and aircraft weight play significant roles in the determination of fuel consumption. Hence, aiming to establish various scenarios to test the impact of these parameters, three considerations are given to establish the experimental scenarios: 1) The comparability for two types of approach procedures As illustrated in Figure 1 , sharing the same initial altitude and position, the starting point for both approach trajectories is set to be TOD. From the conventional approach procedure, the key points of horizontal and vertical trajectories for CDA procedures can be determined. Besides, the initial gross weight and meteorological environment of CDA are set to be identical to the conventional procedure. 2) Impact of wind speed It takes positive values for tailwind and negative for headwind, noticing that the meteorological of flight 
SIMULATION RESULTS AND ANALYSIS
The fuel consumption and flight time of two approach patterns for sample flights are summarized in Table 6 . The quantities of conventional approach are calculated by statistic values from QAR data, and for CDAs, the estimated values are the average values of the fuel burn records for each corresponding sub-condition, deriving from the method in this paper. The simulation results show that the average fuel savings of 217 lb (98.6 kg) per flight are achieved, almost 13.3% less than in the conventional procedure. However, for unavailability of practical operational data, thus roughly, a cross-study comparison is made, and the chosen studies are comparative in the sense of standard procedure under the unconstrained traffic condition. As expected, the results are within or close to the ranges of the results from field tests of the CDA at Schiphol airport [17] . These reported that the box-plot of the historical data from FMS shown indicate that the fuel savings per flight for Boeing 738s have lower quartile of 198 lb (90 kg) and the upper quartile of 286 lb (130 kg). In addition, the actual flight arrivals into Denver International Airport (DEN) in October 2007 reported that a reduction of 250 lb (113 kg)/flight for B738 was achieved from the flight level of 25,000 ft [18] . And Clarke et al. reported average fuel savings of 208 lb per flight for large turbojets [19] .
However, from the distribution of the estimated fuel savings visualized in Figure 8 , the standard deviations are large, and thus, a deeper investigation into this estimation should be made. Additionally, five 60 seconds, while in the later period they are sampled for one second, and as such, data interpolation should be made for the previous period. Overall, as shown in Figure 9 , the CDA exhibits lower fuel burn rates when comparing with the conventional approach. In most cases, the flight times of the CDA are also reduced. Figure 10 shows the vertical representative flights, whose results are listed in When comparing to the result of Clark's field tests, the percentage of fuel savings in this paper are conservative. Even in some reports the reductions are more aggressive, claiming that maximum benefits reductions are compromised by over 40%, which is higher than the average results given in Table 7 . Yielding these results, might be attributed to the reason that the data of reports are collected in practice, in which pilots could adjust the attitude according to the definition and requirements of the CDA, regulating the operational condition of engine, so as to reduce the fuel burn rates continuously, especially for the descent phase. Nevertheless, in this paper the fuel flow rates are estimated via sub-match method, without considering this engine transformation.
Therefore, another experiment is conducted, replacing the estimation values by minimum data records of its corresponding sub-circumstance, instead of the average values. Table 8 presents the results of minimum fuel consumption. It gives a significantly different result with substantial reduction of fuel consumption by 52.16% on average. In other words, a conclusion is inferred that more remarkable potential of fuel savings can be achieved by improving the manipulation skills and keeping the power as low as possible.
CONCLUSION
This research focused on exploring a method to evaluate the potential fuel savings for Continuous Descent Approach. In this paper, rather than mathematical modelling, a sub-match method based on historical QAR data has been proposed. A number of parameters were selected to establish the sub-conditions for flight conditions. It was demonstrated that the mean error of this method is within 3%.
A case study for RNAV-CDA procedure at Shanghai Pudong Airport was presented, investigating their potential fuel savings compared to the typical "stepdown" approach. The variables of key points of CDA procedures were identified by extracting from vertical and speed profiles, and meteorological environments are also set identical to the conventional approach. In general, the result of fuel reduction estimated by the sub-match method is 217 lb per flight for Boeing 737-800, which is in accordance with that of the field tests in previous reports. Meanwhile, the results also further demonstrate the availability for the proposed method.
In addition, by matching with the sub-conditions from historical QAR data, five sample flights were selected to establish various scenarios, which could help to understand the benefits of different descent conditions. Different quantities of fuel savings, even negative ones, for five scenarios were estimated, and the detailed results were explained carefully by the trajectory of five test flights. It can be seen that the CDA profiles are smoother, without level-offs at low altitude. Figure 11 represents the airspeed profiles of five test flights. Comparing to the airspeed curve of conventional approach, it is seen that the CDA increases the average speed with small fluctuation, which will also lead to lower fuel burn rates as well as a huge amount of fuel savings for the majority of flights. Meanwhile, the CDA procedure reduces the average flight time by 23.4 s per flight, which is another reason why a huge amount of fuel could be saved.
However, these estimations for five flights appear to be a large variation, and more specific analysis for each flight should be conducted: a) It is noted that the CDA procedure of flight C exhibits negative fuel savings, as listed in Table 8 , with 71 lb of additional fuel burn, and the possible reasons are depicted as follows. -As can be seen from the vertical profile in Figure 10c , a short period of level flights at low altitude is the main reason of reducing fuel consumption for conventional procedure of flight C. -The CDA duration time of flight C is longer than that of the conventional approach, about 112 seconds, which consumes more fuel during this period. -Large variation of wind speed of flight C will lead to errors when estimating fuel consumption for CDA. b) In five flights, the fuel saving ability for flight B is the most remarkable one; the conclusion can be drawn that: -The duration time of conventional approach is longer than that of CDA, about 107 s. -Analysing from vertical profile, the conventional procedure lasts more level or approximate level segment compared to the other flights. -The gross weight of flight B is the biggest one among five flights. Especially, compared to flight A, which has similar scenarios for other variables, the gross weight could be a variable which has an impact on fuel consumption; in other words, a speculation can be drawn that heavy aircraft benefit more on fuel savings. Such conclusion is consistent with the results from previous research [16] , that wide-bodied commercial aircraft should be the target group of CDA. c) Flight A and E are common approaches for two patterns.
The robustness of the procedure was evaluated by the use of values for the wind speed and the direction for the designed scenarios, aiming to simulate various wind conditions. Five scenarios include both wind environments: (1) tailwind for flight A, B, C and E; (2) headwind for flight D; (3) strong wind. These are shown in Table 7 , and the positive results imply that CDA could reduce fuel consumption under various wind conditions. relationship with the number of level-offs, descent time as well as gross weight. The impact of wind conditions on fuel consumption was examined as well. Furthermore, the fuel consumption estimated by the minimum fuel burn records exhibit 52.16% of fuel savings, which could be affected by aircraft attitude and manipulating skills. The potential application of this sub-match method helps to transfer the simulation into eventual CDA field deployment and even to extend to other new procedures or routings associated with environmental impacts. Although this research offers a high precision method in estimating fuel consumption, and obtaining good results in simulating the CDA procedure for potential fuel savings, this work can be improved in two aspects: (1) it is difficult to analyse the fuel-optimal trajectory, which needs to be discussed further in the field test;
(2) further research should be carried out considering various traffic surroundings of large sample flights with more realistic traffic mixes. 
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